• Proteinuria and elevated markers of complement activation at TMA diagnosis are associated with poor outcome.
Introduction
Hematopoietic stem cell transplantation (HSCT)-associated thrombotic microangiopathy (TMA) is a severe complication of HSCT and may affect 20% to 30% of recipients. 1 TMA is a multifactorial disease where generalized endothelial dysfunction leads to microangiopathic hemolytic anemia, intravascular platelet activation, and formation of platelet-rich thrombi within the microcirculation. 2, 3 These processes can contribute to end-organ injury and poor outcomes, especially involving the kidney. [4] [5] [6] TMA can range from a mild, self-limited form to uncontrolled fulminant disease leading to death. The reasons behind the heterogeneity in disease severity are unknown but are likely related to factors involving the recipient, the donor, and/or triggering events such as infections. Multiorgan involvement typically manifests as pulmonary hypertension, polyserositis, gastrointestinal symptoms, central nervous system injury, and renal impairment. [7] [8] [9] [10] The mechanisms causing endothelial injury in patients with TMA are only beginning to be studied. We recently reported that activation of the complement system may be involved in the pathogenesis of TMA and have described the potential therapeutic benefit of terminal complement blockade by eculizumab. [11] [12] [13] It remains a challenge to identify patients at highest risk for severe disease who may benefit from prompt clinical interventions. [14] [15] [16] Current diagnostic, prognostic, and therapeutic recommendations for HSCT-TMA are based on retrospective studies. [17] [18] [19] Therefore, we prospectively recruited children and young adults undergoing HSCT at our center to examine risk factors for the most severe TMA outcomes. Our objectives were to update the available diagnostic criteria and assess factors associated with a higher risk of death in patients diagnosed with TMA after HSCT. Reliable diagnostic and prognostic criteria will guide the use of expensive therapies such as complement blockade.
institutional review board. The study was conducted in accordance with the Declaration of Helsinki. Our goal was to enroll 100 subjects to be followed until 1 year after transplant. Clinical data were collected starting 3 weeks prior to the conditioning regimen. Laboratory data were captured from the electronic medical record, and information was stored in a REDCap database.
Definition of TMA
TMA was diagnosed using published diagnostic criteria proposed by Cho et al (2010) 17 that included (1) lactate dehydrogenase (LDH) elevated above the upper limit of normal for age; (2) de novo thrombocytopenia with a platelet count ,50 3 10 9 /L or a $50% decrease in the platelet count; (3) de novo anemia with a hemoglobin below the lower limit of normal or anemia requiring transfusion support; (4) microangiopathic changes defined as the presence of schistocytes in the peripheral blood or histologic evidence of microangiopathy on a tissue specimen; and (5) absence of a coagulopathy and a negative Coombs test. All laboratory criteria had to occur concurrently, and criteria 1 to 4 were documented on at least 2 consecutive tests to be classified as positive. ADAMTS13 activity was measured in subjects with TMA to exclude a diagnosis of thrombotic thrombocytopenic purpura. The date of TMA diagnosis was defined as the first date when all diagnostic criteria were fulfilled.
Laboratory monitoring
Complete blood count and electrolyte panels were monitored daily. Schistocytes were counted by direct examination of the peripheral blood smear and reported as 11 or 21 (1-4 or 5-8 cells per oil immersion field [1003 objective], respectively). LDH was measured twice a week. Haptoglobin and urinalyses were performed weekly. Random urine protein and creatinine quantification was measured in subjects with proteinuria. Proteinuria was defined as a random urinalysis protein concentration of $30 mg/dL and separately examined by random urine protein to creatinine ratio (normal ,0.2 mg/mg, nephrotic range .2 mg/mg). 20, 21 Serum concentration of the soluble membrane attack complex (sC5b-9) at the time of TMA diagnosis and in 20 consecutive time-matched HSCT recipients without TMA was tested by enzyme-linked immunosorbent assay at the CCHMC Hematology Clinical Laboratory (normal 72-244 ng/mL). 13, 22, 23 
Clinical monitoring
The total number of red cell and platelet transfusions were documented during the first 100 days after transplant. Transfusion criteria were a hemoglobin of ,7 g/dL and a platelet count of ,10 3 10 9 /L. Platelet engraftment was defined as a platelet count of 20 3 10 9 /L for 3 consecutive days without transfusions. All subjects had routine monitoring for cytomegalovirus and Epstein-Barr virus 1 or 2 times per week by polymerase chain reaction. Acute kidney injury (AKI) was defined as a doubling of the serum creatinine from each subject's pre-HSCT baseline. 20, 21 Raw systolic and diastolic blood pressure values were transformed to a standardized blood pressure index where an index value of 1 indicates a blood pressure at the 95th percentile value for age, sex, and height. For subjects $18 years of age, hypertension was defined as a blood pressure $140/90 mm Hg. We documented the number of antihypertensive medications required by each patient to achieve hypertension index of ,1.
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We recorded transplant complications and biopsy/autopsy data. There were no uniform guidelines for the treatment of TMA, so any TMA-directed interventions such as therapeutic plasma exchange, rituximab, or cyclosporine (CSA) withdrawal were recorded from the medical record.
Study outcomes
We examined risk factors for TMA by comparing subjects who developed TMA with the HSCT recipients who did not. To identify risk factors for death, we separately examined the subjects with TMA by whether they were alive or dead at 1 year post-HSCT. We analyzed the outcome of death as nonrelapse mortality (NRM) and overall survival (OS) at 1 year post-HSCT.
Statistical analysis
Continuous variables were reported as medians and interquartile ranges (IQR), and differences between groups were analyzed with Wilcoxon rank sums. Fisher's exact tests were used to compare categorical variables. To assess factors associated with TMA diagnosis, all variables were analyzed based on their occurrence at any time during the first 100 days after HSCT. Acute graft-versus-host disease (GVHD) and infections were included as time-dependent exposures in that they were only considered prior to the diagnosis of TMA in those developing TMA and at any time in the first 100 days in subjects without TMA. Differences in CSA trough levels between the study groups were compared using a linear mixed model, which assumed an autoregressive correlation to account for the dependence of CSA measurements taken within a single subject. In the TMA group, we plotted the time course of hematologic and kidneyspecific markers relative to the TMA diagnosis day using the first date when the marker was present in the time-course analysis. Hypertension was defined as the first day when the systolic index was $1.
Finally, we examined risk factors for death in subjects with TMA by including the LDH, haptoglobin, and proteinuria values closest to TMA diagnosis, 63 days. The lowest hemoglobin and platelet count were also included from 63 days around the TMA diagnosis to account for the potential effect of transfusions. Systolic hypertension was recorded as the median index value for each subject for the 3 days prior to TMA. The concentration of sC5b-9 was measured on stored samples obtained at TMA diagnosis.
The Kaplan-Meier method was used to estimate the 1-year OS, comparing subjects with and without TMA. Gray's competing risk method was used to compute the 1-year NRM cumulative incidence curve. Cox regression models were used to estimate the hazard ratios for death among subjects with TMA with respect to proteinuria .30 mg/dL and serum sC5b-9 concentrations, where OS time was the dependent variable and the binary predictors were included as independent variables. All tests conducted were 2-tailed, and P values , .05 were considered statistically significant. Statistical analyses were performed with R statistical software (version 3.0.1).
Results

Cohort characteristics
One hundred consecutive HSCT recipients were enrolled into this study from September 2010 until December of 2011. Overall, 39 out of 100 (39%) subjects met study criteria for a diagnosis of TMA. TMA was not diagnosed in any of the 10 autologous transplant recipients, so analyses were restricted to the 90 allogeneic recipients. TMA was diagnosed a median of 32 days [IQR 17-43] posttransplant (day 0), with 36 out of 39 (92.3%) diagnosed within the first 100 days and the remaining 3 subjects diagnosed before 1 year posttransplant.
The demographic and transplant characteristics of the allogeneic transplant recipients are shown in Table 1 . Most of the subjects were white children, with a higher proportion of males. Nonmalignant diseases were the most common underlying diagnosis (71%). Sixty-five recipients (72.2%) received an unrelated donor graft, and the most common stem cell source was bone marrow. A similar number of subjects received myeloablative and reduced-intensity regimens (53% vs 47%). Nearly all (95.6%) of the HSCT recipients received CSA for GVHD prophylaxis. Only subjects with Fanconi anemia (FA) received ex vivo T-cell-depleted peripheral blood stem cells (PBSCs) in addition to CSA. Uniform drug monitoring was used to maintain a CSA trough of 250 to 350 ng/mL.
Risk factors for TMA
Among the 90 HSCT recipients, subjects with TMA were more likely to have a nonmalignant disorder (84.6% vs 60.7%, P , .01) and receive a PBSC graft (25.6% vs 2.0%, P , .01). Although subjects without TMA were more likely to have received total body irradiation (P 5 .06), this was confounded by the fact that it was only used for subjects with malignancy, who themselves had a lower risk of TMA. CSA combined with ex vivo T-cell depletion was associated with a higher risk of TMA (20.5% vs 2.0%, P 5 .01) but again was used as GVHD prophylaxis only in subjects with FA. We were not able to evaluate CSA as an independent risk factor for TMA because nearly all subjects (95.6%) received CSA for GVHD prophylaxis. On average, subjects had 19 CSA measurements during the first 100 days posttransplant. CSA level was 251.6 and 247.2 ng/mL for the subjects with TMA and without TMA, respectively (P 5 .65).
Subjects with TMA required almost twice as many platelet and red cell transfusions during the first 100 days and took longer to achieve platelet engraftment (Table 2 ). Both the presence of $30 mg/dL of protein on urinalysis (P , .01) and persistence of proteinuria for .2 weeks were significantly more common in subjects with TMA (P , .01). Subjects with TMA also had a higher degree of proteinuria as defined by a random urine protein to creatinine ratio, with the median level of proteinuria in the nephrotic range (ie, . 2 mg/mg). The risk of AKI (measured by serum creatinine) was slightly higher in the TMA group (46.2% vs 33.3%), but this difference was not statistically significant (P 5 .28). More subjects with TMA had elevated sC5b-9 concentrations at the time of TMA diagnosis (71.7% vs 20%, P , .01), as compared with the 20 HSCT subjects without TMA who were tested at approximately 30 days after HSCT (median time to TMA diagnosis). Serum sC5b-9 concentrations in subjects Data presented as median [IQR] or n (%). *Factors examined prior to the diagnosis of TMA in those subjects with TMA and any time in the first 100 days in those without TMA.
†Neurological symptoms included seizures and posterior reversible encephalopathy syndrome.
‡Number of medications required to maintain a systolic hypertension in index ,1.
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with TMA as compared with those without TMA were 332.9 ng/mL (IQR 274.45-445.05 ng/mL) and 201.4 ng/ mL (IQR 171.7-273.9 ng/mL), respectively (P 5 .03).
Acute GVHD of any grade was not a risk factor for the subsequent development of TMA (P 5 .61). Infections documented prior to TMA diagnosis were also not associated with an increased risk of TMA. Subjects with TMA required more medications to maintain a systolic blood pressure index ,1 and were more likely to be admitted to the intensive care unit and develop respiratory failure, gastrointestinal bleeding, and pulmonary hypertension ( Table 2) . We explored several multivariable models to examine independent risk factors for the development of TMA, but none identified significant associations.
Time course of TMA diagnosis
We plotted the time-course of diagnostic markers for TMA (Figure 1 ). Systolic hypertension, an elevated LDH, and proteinuria occurred 10 to 14 days prior to TMA diagnosis. A decreased haptoglobin lagged the first elevation in LDH by almost 2 weeks, and AKI, defined as doubling of the serum creatinine, did not occur until almost a month after TMA diagnosis.
Risk factors for death in those diagnosed with TMA
Of the 39 subjects with TMA, 18 (46.2%) died by 1 year posttransplant in comparison with only 5 of 51 (9.8%) without TMA (P , .01). Subjects with TMA had a significantly higher risk of 1-year NRM (43.6% 6 8% vs 7.8% 6 3.8%, P , .0001) compared with those without TMA (Figure 2 ). In the 18 subjects that died with active TMA, the median time to death was 116 days after HSCT (IQR 71-195 days).
All subjects who died after a TMA diagnosis had active laboratory or histologic signs of microangiopathy at the time of death. The cause of death in these 18 subjects was listed as follows: TMA/ multiorgan failure (n 5 4), TMA/pulmonary hypertension (n 5 3), TMA/sinusoidal obstructive syndrome (n 5 1), acute GVHD/ multiorgan failure (n 5 6), infection (n 5 1), posttransplant lymphoproliferative disorder (n 5 1), acute myeloid leukemia relapse (n 5 1), and necrotizing encephalopathy (n 5 1). Two subjects had an autopsy showing severe multiorgan TMA involving the kidney, lung, bowel, and heart. Both subjects had clinical and histologic evidence of pulmonary hypertension and histologic evidence of TMA in mesenteric arterioles and denuded bowel mucosa. Laboratory studies at TMA diagnosis showed elevated serum sC5b-9 concentrations and proteinuria .30 mg/dL.
Factors associated with a higher risk of death among those diagnosed with TMA are shown in supplemental Table 1 available at the Blood Web site. Subjects with proteinuria $30 mg/dL (P 5 .01), proteinuria persisting .2 weeks (P 5 .04), higher median urine protein to creatinine ratio (1.8 vs 0.8 mg/mg, P 5 .03), and elevated sC5b-9 above normal at TMA diagnosis (P 5 .005) were at higher risk of death. There were no significant differences in demographic and HSCT characteristics in subjects with elevated vs normal sC5b-9 at TMA diagnosis, but overall outcomes were significantly worse in subjects with elevated sC5b-9. Of the 28 subjects with elevated Figure 1 . Time course of clinical and laboratory markers in relation to date of TMA diagnosis. The date of TMA diagnosis is marked as day 0 (black vertical line) and represents the posttransplant day when study diagnostic criteria for TMA were fulfilled, including elevated LDH and schistocytosis. We additionally included the timing of proteinuria ($30 mg/dL on random urinalysis), hypertension (defined as a systolic blood pressure .95th percentile for age, sex, and height), AKI (doubling of the pretransplant serum creatinine), and a haptoglobin less than the lower limit of normal. For each variable, the white vertical lines represent the median day the criterion became positive and the gray area the IQR. Hypertension (day 214) and an elevated LDH (day 213) were the first markers of TMA, followed by proteinuria (day 210). Schistocytosis occurred on day 0, because this was typically the last criterion to turn positive and thus defined the TMA diagnosis date. A decreased haptoglobin lagged the first elevation in LDH by almost 2 weeks. AKI, defined using serum creatinine, occurred a median of almost 28 days after TMA was diagnosed. Figure 2 . NRM among study subjects with and without TMA at 1 year after HSCT. Gray's competing risk method was used to obtain the cumulative incidence of NRM. The 1-year NRM was 43.6% 6 8% in subjects with TMA and 7.8% 6 3.8% in HSCT subjects without TMA (P , .0001). sC5b-9, 17 died by 1 year after HSCT, whereas of the 11 subjects with TMA and normal sC5b-9, only 1 died (60.7% vs 9%, P 5 .004). Subjects with TMA who died had a median sC5b-9 concentration of 498.2 ng/mL (IQR 304.8-713.2 ng/mL) as compared with 289 ng/mL (IQR 143.8-360.4 ng/mL) in surviving subjects with TMA (P , .001). The overall incidence of acute GVHD was similar in both groups (27.8% vs 23.8%). Viral infections or bacteremia were not associated with a higher risk of death in those with TMA. Subjects with TMA who died required a greater number of antihypertensive medications to control their blood pressure and were more likely to develop gastrointestinal bleeding (55.6% vs 0%, P , .01). More nonsurvivors required renal replacement therapy (22.2% vs 5.6%), but this difference was not statistically significant (P 5 .16). Finally, there was no difference in treatments received between nonsurvivors and survivors, including therapeutic plasma exchange, rituximab, or CSA withdrawal.
To further examine factors associated with death by 1 year after transplant, we compared the following laboratory and clinical markers within 63 days of TMA diagnosis between subjects with TMA who died and those who survived: (1) an LDH 1.5 times above the upper limit of normal for age; (2) a platelet count nadir ,50 6 10 9 /L; (3) a hemoglobin nadir ,8 g/dL; (4) haptoglobin below normal; (5) proteinuria .30 mg/dL; (6) a random urine protein/creatinine ratio .2 mg/mg; (7) a systolic hypertension index $1; and (8) a sC5b-9 concentration above normal indicating terminal complement activation. Schistocytosis was present in all subjects at TMA diagnosis so was not included in the models. Figure 3 shows the association between each marker and the risk of death by 1 year after HSCT. At the time of TMA diagnosis, greater anemia, proteinuria, and activation of terminal complement were associated with an increased risk of death. Haptoglobin was higher in subjects who died, likely representing tissue injury as a nonspecific inflammatory marker. 25 For further analysis, we focused on the prognostic significance of proteinuria and the sC5b-9 concentration as the hemoglobin value may be confounded by transfusions. Subjects who had either proteinuria $30 mg/dL or elevated sC5b-9 at TMA diagnosis had worse 1-year posttransplant survival (26.7% and 39.3%) than those who did not (70.8% and 91%) (P , .001). Subjects with either proteinuria or elevated sc5b-9 at TMA diagnosis had a significantly increased hazard ratio for death of 4.06 (95% confidence interval [CI], 1.56-10.55; P 5 .002) and 9.5 (95% CI, 1.2-71.8; P 5 .0074), respectively, as compared with subjects without proteinuria or with normal sC5b-9. Subjects with both proteinuria and an elevated sC5b-9 at the time of TMA diagnosis had the lowest 1-year survival (16.7% 6 10.8%), whereas subjects with a normal sC5b-9 concentration and no proteinuria had a 1-year survival of 100% (P , .01). There were no death events in the no proteinuria and normal sC5b-9 group, thus the hazard ratio could not be estimated. Subjects with no proteinuria and elevated sC5b-9 and with proteinuria and normal sC5b-9 both had reduced hazard ratios of 0.3 (95% CI, 0.1-0.8, P 5 .01) Figure 3 . Association between markers at the time of TMA diagnosis and death by 1 year after HSCT. At the time of TMA diagnosis, a hemoglobin #8 g/dL, proteinuria (defined either as $30 mg/dL of protein on a random urinalysis or a random urine protein/creatinine [Ur prot/creat] ratio .2 mg/mg), and a soluble membrane attack complex (sC5b-9) concentration above the upper limit of normal were all significantly associated with an increased risk of death. Haptoglobin was higher in patients who died, likely representing an acute inflammatory state. 
Discussion
To our knowledge, this is the first prospective study examining risk factors for TMA and providing risk stratification in HSCT recipients diagnosed with this complication. Our study cohort was composed of complex transplant recipients including a high proportion of unrelated donors, young children, and subjects receiving HSCT for nonmalignant disorders. We observed a TMA incidence of 39% based on currently published diagnostic criteria, with 92.3% of cases occurring within 100 days of transplant and a median time to presentation of 32 days. Although we previously observed a high risk of TMA after autologous transplantation, especially in children with neuroblastoma, none of the 10 autologous transplant recipients in our cohort developed TMA. 13, 26 The overall incidence of TMA that we observed is higher than what has been reported by others, likely because we prospectively monitored all recipients in a uniform manner, in contrast to retrospective reports that likely captured only the most severe cases. 17, 25, 27 Consistent with our previous retrospective studies, we observed that proteinuria and hypertension were early markers of TMA and were Figure 4 . TMA risk stratification. The figure displays Kaplan-Meier survival curves for subjects with TMA (n 5 39) examining proteinuria $30 mg/dL and serum sC5b-9 concentrations at the time of TMA diagnosis in (A) subjects with proteinuria of $30 mg/dL vs no proteinuria, (B) subjects with elevated serum sC5b-9 concentration vs normal sC5b-9 concentration, and (C) subjects with no proteinuria and normal sC5b-9, proteinuria $30 mg/dL and normal sC5b-9, no proteinuria, and elevated sC5b-9 and both proteinuria $30 mg/dL and elevated sC5b-9 at the time of TMA diagnosis. present in some subjects even before the full hematologic criteria became apparent. 26 Specifically, proteinuria .30 mg/dL as measured by routine dipstick and hypertension .95th percentile were the earliest signs of TMA, along with an elevation in the LDH. In contrast, kidney dysfunction assessed by serum creatinine was a very late marker, highlighting its limitations, as it remains an insensitive marker to detect impaired renal function in HSCT recipients, who potentially have low muscle mass and thus low creatinine generation rates. 17, 25, 26, 28, 29 These observations suggest that a diagnosis of TMA should be considered in HSCT recipients with an acute elevation in LDH, proteinuria, and hypertension out of proportion to what would be expected from calcineurin inhibitor and steroid therapy. Importantly, these markers were apparent up to 2 weeks before schistocytes were detected. The haptoglobin level was actually higher among subjects with TMA who died, possibly indicating its reflection as a marker of inflammation. [30] [31] [32] Therefore, the absence of a low haptoglobin should not exclude consideration of the diagnosis of TMA in HSCT recipients. These factors may be due to an earlier recognition of the TMA symptoms in this study given the systematic and careful monitoring of subjects, but it could also indicate that HSCT-associated TMA is a different and distinct disease from atypical hemolytic uremic syndrome and other disorders that share features of complement dysregulation. Future research should be targeted at identifying novel markers of endothelial injury to aid in the earlier diagnosis of TMA after HSCT, because the available laboratory markers appear over a period of 2 to 3 weeks, possibly delaying diagnosis and prompt intervention.
Examining risk factors associated with TMA after allogeneic transplant, we found a higher incidence of TMA among subjects with nonmalignant disorders and those receiving PBSCs or GVHD prophylaxis including CSA with ex vivo T-cell depletion. Only children with FA in our study, 89% of whom developed TMA, received a treatment including T-cell-depleted PBSCs and CSA, so it is impossible to tell whether the increased risk of TMA reflected increased susceptibility in persons with FA or was associated with the treatment protocol. We were unable to evaluate CSA as an independent risk factor, as almost all of our allogeneic subjects received CSA as part of their GVHD prophylaxis. However, CSA serum levels were similar in subjects with and without TMA during first 100 days after transplantation.
Acute GVHD and infections have been associated with the development of TMA in retrospective studies. 10, 19, 33 However, in our time-dependent analyses, we were unable to detect an association between acute GVHD or infections preceding the diagnosis of TMA. Whereas GVHD is typically associated with damage to the epithelial tissues of the skin, lungs, and gastrointestinal systems, some have speculated that TMA represents a form of "endothelial GVHD," a hypothesis that deserves further study as we learn more about specific biomarkers of endothelial dysfunction. 34 Subjects who fulfilled the diagnostic criteria for TMA had a higher risk of NRM and a far worse OS at 1-year posttransplant. This supports that TMA remains a significant complication of HSCT. Subjects who were diagnosed with TMA had multiple clinically significant complications, including severe hypertension requiring a median of at least 3 antihypertensive medications to control their blood pressure. Additionally, pulmonary hypertension was diagnosed exclusively in the TMA group, and severe gastrointestinal bleeding occurred only in subjects with TMA who did not survive transplant. This supports prior observations that TMA can present as a multiorgan disease that may coexist or may be attributed to other HSCT complications, such as GVHD, as demonstrated by the autopsy findings.
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The severity of TMA in our cohort ranged from self-limiting to acute multiorgan failure and death. One of our objectives was to examine factors associated with a higher risk of death among subjects with TMA to identify those who may benefit from therapeutic interventions. Subjects who died after TMA diagnosis had a greater degree of anemia, higher risk of proteinuria, and were more likely to have evidence of terminal complement activation at their time of TMA diagnosis. Elevated levels of sC5b-9 were present in nearly all subjects with TMA who died but in only about half of those who survived. These data suggests that complement activation plays a significant role in the pathogenesis of severe TMA after HSCT.
Hemoglobin concentration can be more difficult to interpret in subjects requiring frequent transfusions, so we focused on proteinuria and an elevated sC5b-9 in our final risk-stratification model. Subjects with both proteinuria and signs of terminal complement activation at TMA diagnosis had a 1-year survival ,20%, whereas subjects with normal sC5b-9 and no proteinuria had a survival of 100%. Accordingly, we propose a diagnostic and prognostic algorithm for the evaluation of TMA after HSCT ( Figure 5 ). In subjects with evidence of terminal complement activation measured by elevated serum sC5b-9 concentration, we also suggest an evaluation of the terminal complement cascade, including factor H-related genes, as reported previously. 12 Future prospective trials are needed to test the hypothesis that blockade of the complement cascade, with eculizumab or other therapies under development, will improve outcomes among the highest-risk HSCT recipients.
We recognize limitations of our analysis. Importantly, opportunities for histologic diagnosis of TMA are limited, so we were unable to determine if all the subjects with clinical TMA diagnosis would have demonstrated evidence of TMA in tissue samples. The few autopsy samples we had available did show TMA with multiorgan involvement. Kidney biopsy remains a high-risk procedure in HSCT recipients, especially in the early stages of transplant when bleeding risk is high from thrombocytopenia and hypertension, precluding a tissue evaluation of all subjects. 5, 41, 42 We also acknowledge that TMA was not listed as the primary cause of death in the majority of study subjects. Nevertheless, the combination of markers we examined did identify a subset of HSCT recipients at very high risk of death compared with those without these TMA markers. Only randomized, therapeutic trials powered to examine the outcome of Figure 5 . Algorithm for the evaluation of TMA after HSCT. Screening for TMA includes monitoring LDH, complete blood count, and routine urinalyses. TMA should be suspected in HSCT recipients with an acute elevation of LDH, proteinuria .30 mg/dL, and hypertension more severe than expected with calcineurin or steroid therapy, usually requiring .2 antihypertensive medications. Clinical interventions should be considered for patients with both proteinuria .30 mg/dL and elevated sC5b-9.
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In conclusion, we observed that signs of TMA were present in a large number of HSCT recipients, with approximately 20% of subjects having clinically significant disease, which potentially impacted their survival. Patients with proteinuria and evidence of complement activation as measured by elevated sC5b-9 serum concentrations should be considered for prompt interventions. TMA may present as a systemic disease, damaging other organs in addition to the kidney. Terminal complement activation may have a significant impact on the severity of TMA and therefore represents a novel therapeutic target in selected patients with high-risk features of TMA.
